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Abstract. Conserving anatomical pieces is of the upmost importance for both anatomy laboratories - 
because these are an essential learning tools - and natural history museums. In order to be used in the 
teaching process in optimal conditions, they must comply with several criteria: they must preserve as well 
as possible living tissues characteristics, they must allow easy and low cost processing and maintenance 
techniques, and be non-hazardous to the health of the individuals handling them. The present study 
approaches the formaldehyde and mummification conservation techniques, aiming to asses which of them 
better serve the desiderata previously mentioned. Researches were carried out in the Comparative 
Anatomy Laboratory of the Faculty of Veterinary Medicine of Cluj-Napoca. Four formaldehyde preserved 
anatomical pieces and five mummified anatomical pieces were examined for this study. According to our 
obtained results, we have determined that the mummification conservation technique yields more time 
enduring products with lower sanitary risks, but requires meticulosity and cannot be used for all types of 
anatomical pieces, while the formaldehyde conservation technique is more expeditive, can be applied to 
all anatomical structures, but does not offer the same durability in the case of educational pieces and 
represents a health risk factor in case of prolonged exposure. 
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INTRODUCTION 
 
The present study focuses on the conservation techniques for anatomical pieces through 
mummification and through formaldehyde treatment, with the purpose of understanding which 
one better suits teaching optimal standards. In order to be used as teaching material anatomic 
pieces must obey certain criteria: they must render as well as possible the characteristics of live 
tissues, they must be easy to produce and to maintain from both the financial and the technical 
perspective and they must not be a health hazard for those who manipulate and use them. 
Preserving pieces and products of animal origin is a subject which has always been 
important to humankind for very various reasons, from the necessity to maintain foods edible for 
as long as possible, to observing certain religious tenants.  
Along with the onset of modern science, preventing the decomposition of certain tissues, 
organs, bodies, etc., has become a necessity for various research fields of biology, medicine and 
other domains, but also for the teaching and learning centres accompanying. 
Up to today, there are numerous preserving technique used in anatomy laboratories, 
some of which are advanced like plastination. Even so, financial and logistics problems cause the 
prevalence of two techniques: mummification and formaldehyde treatment. 
Mummification is a method of organic material preservation known to us since the ancient 
era, in several cultures, especially that of the ancient Egypt. Embalming in that particular culture 
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had reached such a high level, that it even today it enables modern archaeologists to rehydrate with 
certain substances (ex.: modified Ruffer’s solution) samples of pulmonary tissue, intestinal walls, 
skeletal muscles or liver and to process them into histologic samples (Peck, 1998).  
Some studies suggest a link between the napron (mineral rock used as dehydrating agent 
in Ancient Egypt) levels found in mummy wrappings and the degree of preservation of the 
respective mummies (Barraco, 1978).  If certain environmental circumstances are met, there is 
the possibility for mummification to occur spontaneously, without human intervention, even in 
the case of extremely sensitive and perishable tissues like nervous tissue (Radanov et al., 1992).  
 
For natural mummification to take place, there are certain compulsory conditions such as 
good aeration, dry air and high temperatures. The speed of the mummification depends very much 
on the state of the body and on external factors and. It varies from one to twelve months. The body 
reaches 10% of its initial weight, because of liquid loss, significant organ shrinkage that occur 
during this process. Formaldehyde treatment represents another usual preserving technique for 
biological specimens. Formaldehyde is an organic compound with the chemical formula CH2O,  
signaled in 1859 by Butlerow and identified in 1869 by August Wilhelm von Hofmann.  
Formaldehyde solutions are used at an industrial scale as a disinfectant, due to its 
bactericide and fungicide properties. Formaldehyde also has the property to induce reversible or 
permanent cross-linking of primary amino groups in proteins with other nearby nitrogen atoms in 
protein or DNA, being thus able to preserve organs, but also to function as a fixative for tissues 
and cells, which makes it usable in histology. Kerstin G. Helander (1994) proves that washing 
formaldehyde preserved tissues with water for 26 days leads to reducing its formaldehyde 
content, so its action as a fixative is a reversible process.  
 
However, a number of studies present adverse effects that formaldehyde has on live 
organisms. At levels higher than 0.1 ppm, formaldehyde induces eye and mucous membranes 
irritation (Occupational Safety and Health Administration, 2008) and when inhaled it can induce 
migraines, higher respiratory ways irritation and asthma symptoms aggravation (California Office 
of Health Hazard Assessment, 2008). In 1994, Farhang Akbar-Khanzadeh et al., has noticed that 
34 employees of an anatomy laboratory exposed to formaldehyde levels of 0.07 - 2.94 ppm have 
presented eye irritation (88%), nose irritation (74%), throat soreness (29) and respiratory way 
inflammation (21%); this study recommends the installation of mobile ventilation systems 
adjustable to dissection operation conditions to prevent the occurrence of these symptoms.  
Another study proves that formaldehyde has allergenic properties, inducing contact 
allergies and worsening dermatitis (Fransway, 1991). With regards to the carcinogenetic 
properties of formaldehyde, research finding vary. Some studies have proven that exposing 
laboratory rats to formaldehyde vapors induces rhinitis, epithelial dysplasia, squamous metaplasia 
and various tumors, ranging from small early carcinomas of the nasal turbinate to large invasive 
osteolytic neoplasms which extended into the subcutis of the premaxilla. (Liteplo and Meek, 
2003; Williams et al., 1983; Pavkov, 1980; Swenberg et al., 1980).  
However, another large study made on 600.000 workers exposed to formaldehyde levels 
of 0.07 to 2.94 ppm claims that this occupational category does not present a consistent causality 
relation between this exposure and the main the death causing pathologies (Blair A et al. 1986). 
A synthesis study maintain the there is no relevant correlation between naso-pharingeal 
carcinoma occurrence and human formaldehyde exposure.(Collins et al., 1997). 
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MATERIALS AND METHODS 
 
Research has been carried out in the Comparative Anatomy Laboratory of the Faculty of 
Veterinary Medicine of Cluj-Napoca. We have examined four formaldehyde treated anatomic 
pieces (two horse limbs, a dog heart, and a segment of large ruminant reticulum) and five 
mummified anatomical pieces (a rabbit mummy, a foal mummy, a horse mummy, a horse 
stomach and a small ruminant ruminoreticulum). They belong to the teaching material of our 
department and to the Comparative Anatomy Museum of the FVM of Cluj-Napoca. The pieces’ 
age vary in the following order: the formaldehyde treated horse limbs are 7 month old, the rabbit 
mummy - 2 years, and the rest of the anatomy pieces - over seven years old. 
The mummification technique for the rabbit has required basic dissection instruments, 
probes, catheters, syringes and needles, 15-35% formaldehyde solutions, 10% borax glycerine 
solution, pure ethylic alcohol, Congo red. We have catheterized the left jugular vein, the common 
carotid artery and the femoral arteries, and injected a 15% formaldehyde solution mixed to pure 
ethylic alcohol through the arterial system. 
At two hours after the injection, we have drained the surplus through the left jugular 
vein, and replaced it with a mix of 35% formaldehyde solution, 10% borax glycerin, pure ethylic 
alcohol and Congo red.  All muscular groups, thoracic and abdominal organs have been injected 
whit the same solution mix, and the cavitary organs have not been emptied of their content. The 
ocular globes have been injected with the 10% borax glycerin mixed with 35% formaldehyde 
solution. The dehydration and drying has taken place over time, in laboratory conditions, the 
body fixed in a natural position and regularly brushed with the 10% borax glycerin mixed to  the 
35% formaldehyde solution and Congo red. 
The older mummified pieced have been treated similarly, but using mainly 
formaldehyde solutions and no color enhancements. Some of them have been painted after the 
end of the mummification process, to underline certain anatomic features. 
In order to complete the formaldehyde treatment, we have used basic dissection 
instruments and 5-15% formaldehyde solutions. Most of the pieces have initially been preserved 
by freezing at -18°C. After defreezing, the anatomical pieces have been dissected differently, 
according to which anatomic elements we have intended to underline (musculature, 
vascularisation, innervation, etc.) and they have been kept in successive 10% and %% 
formaldehyde solution baths. When using these pieces for teaching, they have been previously 
removed from the formaldehyde bath and washed with water to diminish the irritant effects of the 
preserving agent. These pieces are prepared to be used during one academic semester, after which 
they are destroyed by incineration. The small organs chosen to be maintained in glass containers 
have been preserved whole, and in the case of those with a large size we have excised segments 
relevant for their structure, and then affixed them to a plaque to prevent shape deformation due to 
the dehydrating effect of the formaldehyde. The anatomic pieces preserved in paraffin sealed 
glass containers are exhibits of the museum, and will not be incinerated. For this purpose a 15% 
formaldehyde solution was used for the successive baths and the containers are never opened. 
 
RESULTS AND DISCUSSIONS 
 
In this study, the examination of various anatomic pieces has registered the state of 
preservation of the original anatomic characteristics (anatomic features, shape, consistence, 
color), their utility in the teaching process and the impact on the health of those how use them. 
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Mummification 
The mummification process is a long, delicate and meticulous, necessitating patience 
and experience from the anatomist doing the preparation. 
The bodies that were preserved whole through mummification and were dissected with 
the purpose to underline the musculature (Fig.1, 2a, 2b), present a visible reduction of all 
muscular masses and a high rigidization, following the dehydration phenomena. However, the 
topography of the muscles has been maintained in an optimal manner. 
 
 
Fig.1. Two years old rabbit mummy (left) and muscle detail (right) 
 
 
The initial color have been very well preserved in the rabbit mummy (Fig.1), but in the 
older horse mummy the color have depreciated two various shades of grey (Fig.2b). This 
deterioration can be substituted by applying layers of paint which can very clearly underline the 
desired topography (Fig.2a). 
 
 
 
 
Fig.2. Fowl mummy enhanced by painting (a) and horse mummy (b). 
left  right 
a  b 
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In the considerably old mummies, we have registered deterioration signs: ripped muscle 
fascicles due to manipulation (Fig.3a) and small perforations caused by insects feeding on the 
organic material off the mummy (Fig.3b). 
The mummies can be manipulated without any special health protection measures and 
directly palpated by the students; any fixative substances used during the processing have 
dissipated, without leaving any irritant vapors.  
Organs preserved by mummification share these advantages, but they are much more 
fragile, necessitating careful manipulation; it not recommended to use them as study material for 
a large number of students. 
Of all the internal organs, only a few, like the digestive tract, are appropriate to be 
subjected to this method of preservation. The technique is meticulous in this case as well, but 
when processed correctly, the topography, the shape and the anatomic elements can be preserved 
intact (Fig.5). Again, degradation of the colors can be in this case as well hidden by applying 
paint (Fig. 4). 
 
 
Fig.3. Deterioration due to muscular mass rips (a) and insect invasion (b). 
 
 
 
 
Fig.4. Mummified horse stomach, with the vascularisation  
enhanced by painting (arteries - red, veins - blue). 
a 
b 
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Fig.5. Reticulorumen of small ruminant preserved by simple mummification. 
 
 
 
 
 
Fig.6. Various horse limbs preserved by formaldehyde treatment: a - thoracic limb, arm region, b - 
forearm region, c - pelvic limb, caudal view of the rump, d - caudal view of the thigh. 
a 
a 
b 
b 
c  d
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Formaldehyde treatment 
 
The horse limb preserved through formaldehyde treatment keep the original muscle 
mass and a correct topography, but the tissues gain a certain rigidity over time (Fig.6a, 6b). The 
initial color fade off faster than in the mummified pieces, turning into shades of grey and yellow 
(Fig.6c and 6d).  This pieces too present signs of deterioration due to repeated excessive 
manipulation (Fig. 6a and 6d), and in certain areas they may develop molding, especially when 
the piece is maintained  for a long period outside of the formaldehyde bath and is repeatedly 
washed with large quantities of water. The pieces can be manipulated directly after successive 
water dosing but they impose special protection methods, because the formaldehyde vapors 
emanated by them are irritants and make the teaching process difficult.  
This preserving technique by maintenance in formaldehyde baths has the advantage of faster 
processing, is simpler to achieve, but in at the same time it has the disadvantage of a limited usage period 
and the direct exposure to formaldehyde vapors does pose health issues. 
The formaldehyde treatment of internal organs has the great advantage on mummification, that it 
can be applied on all of them regardless of their nature (Fig.7a, 7b and 7c). In case of fragment fixation, 
the technique requires a certain dexterity when affixing them to their supporting pieces. 
In this anatomic pieces, the topography and the distinctive elements are maintained in optimal 
conditions. They can be very well examined, but not directly manipulated and palpated. The airtight 
sealing with paraffin of the lids removes any potential discomfort caused by formaldehyde vapors and 
represents the safest method with regards to the protection of the person handling the pieces. 
. 
 
Fig.7. Glass contained formaldehyde treated organs:  
a - dog heart, b and c - reticulum pieces of large ruminants. 
 
CONCLUSION 
 
Corroborating the results of the examinations undertaken in this study, we have drawn 
the following conclusions:  Mummies have multiple advantages as didactic tools: they are 
durable, they are directly handley, but they have the disadvantage that their modeling is 
meticulous and demands long periods for processing. Regarding the production length, 
formaldehyde treatment is by far the fastest preserving method.  
b a  c 
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Form the point of view of color maintenance, both methods lead to the loss of original 
colors and replace them with various shades of grey, but mummies preserve the original hues 
longer, especially in muscle mass and it can be paint to correct this defect. Regarding texture and 
elasticity maintenance, formaldehyde treatment is the superior method. Formaldehyde treated 
pieces kept in containers have a very long shelf-life and can be used without risks, but they do 
not permit direct handling, and they are hard to affix during the processing. 
Even though statistic studies are not consensual on pathogenic properties of 
formaldehyde, direct examination of formaldehyde treated pieces proves that is has at least an 
irritating effect on eyes and superior airways, and has allergenic potential. This determines us to 
recommend avoiding prolonged and cumulative exposure to this substance. 
Considering mummy pieces, though they can be a medium for potentially pathogen 
potential microorganism, respecting regular preventing measures and hygiene rules limits in a 
satisfactory measure any health risk. Furthermore, this type of pieces does not present other types 
of health risks, unlike the formaldehyde treatment. 
In closing, we appreciate that for the teaching process it is preferred to avoid exclusive 
usage and direct exposure to formaldehyde treated pieces, by successfully alternating it with the 
use of mummies, of airtight containers with formaldehyde pieces, but also considering the 
possibility to access new preservative technologies like plastination in the near future. 
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